Distinguishing hepatocellular carcinoma (HCC) from metastatic adenocarcinoma (MA) and cholangiocarcinoma (CC) can, at times, be difficult and sometimes requires immunohistochemical analysis. Recently, MOC31, an antibody directed against a cell surface glycoprotein, has been shown to be useful in separating HCC from both MA and CC; however, no study has compared MOC31 and other frequently used immunostains. We compare MOC31 with other commonly used immunostains for HCC, MA, and CC. Formalin-fixed, paraffin-embedded tissue sections from 57 previously characterized hepatic neoplasms (13 HCC, 14 CC, 3 combined HCC-CC, and 27 MA) were immunostained with antibodies directed against MOC31, cytokeratin (CK) 7, CK20, ␣-fetoprotein (AFP), polyclonal carcinoembryonic antigen, Ber-EP4, and Factor XIII-A. Two pathologists reviewed slides, and positivity was defined as more than 1% of cells staining with the appropriate pattern. Positive MOC31 immunostaining was seen in 0 of 13 HCC, 13 of 14 CC, 3 of 3 HCC-CC, and 27 of 27 MA; the staining was strong and diffuse. CK20 reactivity was observed in 0 of 13 HCC, 2 of 14 CC, 0 of 3 HCC-CC, and 12 of 27 MA; CK7 immunostained 4 of 13 HCC, 13 of 14 CC, 3 of 3 HCC-CC, and 15 of 27 MA; AFP was detected in 4 of 13 HCC and 2 of 3 HCC-CC, whereas all CC and MA were negative; polyclonal carcinoembryonic antigen showed immunoreactivity in 12 of 13 HCC and 3 of 3 HCC-CC in a canalicular pattern, whereas diffuse positivity was identified in 13 of 14 CC and 26 of 27 MA; Ber-EP4 immunostained 1 of 13 HCC, 14 of 14 CC, 2 of 3 HCC-CC, and 26 of 27 MA; and Factor XIII-A was negative in all HCC, CC, and MA. MOC31 expression distinguished HCC from adenocarcinoma in 56 of 57 cases. AFP was specific for HCC but was not sensitive. CK7 and CK20 have limited utility in distinguishing HCC from CC or MA, and Factor XIII-A is not useful. Ber-EP4 staining was similar to MOC31, but one HCC did stain with Ber-EP4. Polyclonal CEA yields similar numerical results as MOC31, but the focal nature of the staining and occasional difficulty in evaluating the pattern can make interpretation problematic. We conclude that MOC31 should be a component of the immunohistochemical panel to distinguish HCC from CC and MA.
The histologic distinction between hepatocellular carcinoma (HCC) and adenocarcinoma (cholangiocarcinoma [CC] and metastatic adenocarcinoma [MA] ) usually can be performed using routine hematoxylin and eosin-stained sections. In some instances, the differentiation can be difficult ( Fig. 1 ) but is necessary when clinical and/or radiologic distinction cannot be made. Immunohistochemical panels have been used to separate these tumors with variable success. ␣-Fetoprotein (AFP); polyclonal carcinoembryonic antigen (pCEA); and cytokeratins (CK) 7, 8, 18, 19 , and 20 are among some of the more commonly used markers in these panels (1) (2) (3) (4) (5) (6) (7) (8) .
Recently, anti-MOC31, an antibody directed against a cell surface glycoprotein, was reported in our laboratory to distinguish between HCC and adenocarcinoma (9) . MOC31 reacts with most benign and malignant epithelia and has been shown to be useful in panels to distinguish adenocarcinoma from mesothelioma (10 -14) . MOC31 has not been compared directly with other frequently used markers to distinguish between HCC and adenocarcinoma. In this study, we compare MOC31 with other immunohistochemical markers that are frequently used to distinguish between HCC and adenocarcinoma.
MATERIALS AND METHODS
Formalin-fixed, paraffin-embedded tissue blocks from 57 previously characterized hepatic neoplasms (13 HCC [including 5 pseudoalveolar], 14 CC, 3 combined HCC-CC, and 27 MA [10 colon, 6 breast, 6 pancreas, 3 gastrointestinal junction/gastric, 1 small intestine, and 1 ovary]) were retrieved from the archival files of the Ohio State University Medical Center, Columbus, Ohio.
Immunoperoxidase staining was performed on formalin-fixed, paraffin-embedded tissue sections cut at 3 m and dried for 1 h at 60°C. The slides were deparaffinized in xylene and rehydrated through graded ethanol to water. Immunoperoxidase staining was performed on the Dako Autostainer (Carpinteria, CA). Antigen retrieval was performed with proteinase-K (S3020; DAKO) for 5 min at room temperature for MOC31 (antihuman epithelial-related antigen; DAKO, Carpinteria, CA; 1:40), CK7 (DAKO, 1:500), and Factor XIII-A (Dako, 1:400). Similar results can be obtained with heat-induced epitope retrieval for MOC31. Epitope enhancement using heatinduced epitope retrieval was used for CK20 (DAKO, 1:500), AFP (DAKO, 1:3000), pCEA (DAKO, 1:1250), and Ber-EP4 (MCF-7 cell line; Dako; 1:800). Slides were heated (94 to 98°C) in target retrieval solution (S1699; Dako) in a vegetable steamer for 30 min followed by a 5-min cool down period. Biotin blocking was performed with the DAKO biotin-blocking system. Sections were developed by using a modified avidin-biotin-peroxidase complex technique (Linked streptavidin-biotin ϩ [MOC31, CK20, Ber-EP4, Factor XIII-A] and Linked streptavidin-biotin 2 [CK7, AFP, pCEA], K0675; Dako). After a brief rinse in tap water, the sections were counterstained with Harris hematoxylin and coverslipped using a synthetic mounting medium. Two pathologists reviewed slides, and positivity was defined as more than 1% of cells staining with the proper pattern of reactivity. Positive and negative controls stained appropriately.
RESULTS
The results of immunohistochemical stains are summarized in Table 1 . MOC31 stained 0 of 13 HCC ( Fig. 2A) , 13 of 14 CC, 3 of 3 HCC-CC, and 27 of 27 MA. The positive staining was strong and diffuse in a plasmalemmal pattern (Fig. 2B ). In the HCC-CC cases, MOC31 decorated the glandular CC component but did not highlight the HCC areas. 6/6 0/6 5/6 0/6 4/6 0/6 5/6 0/6 Pancreas (n ϭ 6) 6/6 0/6 6/6 0/6 6/6 1/6 6/6 0/6 Sm I (n ϭ 1)
10/10 0/10 10/10 0/10 0/10 9/10 10/10 0/10 GE-J (n ϭ 3) 3/3 0/3 3/3 0/3 3/3 2/3 3/3 0/3 HCC, hepatocellular carcinoma; HCC-CC, combined hepatocellular carcinoma and cholangiocarcinoma; Sm I, small intestine; GE-J, gastroesophageal junction; CK, cytokeratin; pCEA, polyclonal carcinoembryonic antigen; AFP, ␣-fetoprotein; cyto, cytoplasmic; canal, canalicular.
AFP-positive cells were identified in 4 of 13 HCC (Fig. 3 ) and 2 of 3 HCC-CC, whereas all of the CC and MA were uniformly negative. Immunostaining for AFP was focal in the positive cases. The predominant pattern of staining (canalicular or cytoplasmic) for pCEA is shown is Table 1 . pCEA stained 12 of 13 HCC (Fig. 4A ) and 3 of 3 HCC-CC in a canalicular pattern, and cytoplasmic positivity was identified in 13 of 14 CC and 26 of 27 MA (Fig. 4B) .
Interpretation of pCEA was difficult in some cases of adenocarcinomas because of a focal pattern of staining resembling canalicular staining (four cases; Fig. 4C ). In addition, the pseudoalveolar HCC showed luminal staining in addition to a focal canalicular pattern (five cases; Fig. 4D ). CK 7 stained 4 of 13 HCC, 13 of 14 CC, 3 of 3 HCC-CC, and 15 of 27 MA. CK 20 was observed in 0 of 13 HCC, 2 of 14 CC, 0 of 3 HCC-CC, and 12 of 27 MA. Ber-EP4 immunostained 1 of 13 HCC, 14 of 14 CC, 2 of 3 HCC-CC, and 26 of 27 MA. Factor XIII-A was uniformly negative in HCC, CC, and MA.
DISCUSSION
Adenocarcinomas from many sites commonly metastasize to the liver, and MA is the most common malignant tumor in the adult liver (15) . As a result, consideration must be given to metastases in the differential diagnosis of a liver neoplasm. Usually, the distinction between HCC and either primary adenocarcinoma or MA can be made on the basis of clinical studies. In some instances, the pathologist is called on to differentiate histologically between these lesions. Routine hematoxylin and eosin sections and mucin stains may prove adequate in some cases. However, when limited material is available or when the tumor is poorly differentiated, various immunohistochemical panels have been used to aid in this distinction. The most commonly used markers include antibodies directed against AFP (1, 7), CEA (1, 2), and various cytokeratin subtypes (3) (4) (5) (6) 8) . Other markers that have been reported as useful include Factor XIII-A (2, 16), hepatitis B surface antigen (17), C-reactive protein (2), ␣-1 antitrypsin (16), HepPar 1 (18), Ber-EP4 (1, 19) , and molecular probes designed to identify albumin mRNA (20, 21) .
MOC31 is a cell surface glycoprotein of unknown function, and the pattern of reaction is plasmalemmal. MOC31 is expressed on most normal and malignant epithelia. It has been reported to be a useful marker in the immunohistochemistry panel used to distinguish adenocarcinoma from malignant mesothelioma in multiple studies (10 -14) . One study reported strong expression of MOC31 in all 23 cases of adenocarcinoma evaluated. In contrast, only 1 of 23 mesothelioma cases was reported positive, albeit weakly (10) . The efficacy of MOC31 in cytology specimens (cell-block) to differentiate adenocarcinoma from reactive mesothelial cells and mesothelioma has also been demonstrated (22) . Our laboratory has previously reported the utility of MOC31 in distinguishing HCC from adenocarcinoma (9) . In the present study, all adenocarcinomas stained diffusely and intensely with MOC31, yielding easy interpretation. In addition, 13 of 14 CC were decorated. All HCC, including the pseudoalveolar type, were uniformly negative. In the combined HCC-CC cases, the antibody highlighted the glandular component but did not decorate the HCC portion of the neoplasm.
In contrast to MOC31, there are some immunohistochemical stains that have been suggested as positive markers of HCC, such as HepPar 1, albumin mRNA, Factor XIII-A, and AFP. HepPar 1 is a monoclonal antibody that reacts against a hepatocyte-specific epitope, but the precise antigen is not known. Albumin mRNA is detected by in situ hybridization. These markers seem to be fairly specific for hepatocytes (18, 19) , but HepPar 1 is not commercially available, and the detection of albumin mRNA requires in situ hybridization ability, which is expensive, time consuming, and not available in all laboratories. As a result, these markers were not evaluated in this study. Factor XIII is a protransglutaminase involved in hemostasis that is cleaved and leads to the formation of Factor XIII-A. Two studies have demonstrated that Factor XIII-A is useful for the identification of HCC (2, 16) , whereas another investigation showed that HCC were uniformly negative for this marker (23) . In our study, all cases of HCC as well as adenocarcinoma were nonimmunoreactive with Factor XIII-A.
AFP is an oncofetal protein produced by hepatocytes. Positive immunostaining for AFP has been reported to be present in 2 to 61% of HCC (18) . Expression of AFP can be focal and weak, leading to poor sensitivity, especially in small biopsies (2, 7) . Expression of AFP may be related to tumor grade, with higher grade HCC expressing AFP more frequently than lower grade tumors. This tendency makes the marker useful, because high-grade HCC may lack a canalicular staining pattern with pCEA (1). AFP is not entirely specific for HCC as it can be expressed by benign liver lesions (alcoholic hepatitis, cirrhosis, and focal nodular hyperplasia) (17) , as well as rare gastrointestinal tumors (24 -26) . In the present study, AFP lacked desired sensitivity; only 4 of 13 cases of HCC and 2 of 3 cases of HCC-CC stained for AFP. Because none of the adenocarcinomas was positive for AFP, it can be concluded that AFP, when positive, is a specific marker for HCC.
Expression of various cytokeratins has recently become a popular way to help distinguish primary sites of metastases because malignant cells usually maintain the cytokeratin profile of their "cells of origin." Adult hepatocytes express CK8 and 18, whereas bile duct epithelium expresses CK7, 8, 18, and 19 (4) . Most HCC are negative for CK7 and 20 (8) . CK20 is commonly expressed in gastrointestinal epithelia, urothelium, and Merkel cells (8) . We found CK7 positivity in 4 of 13 cases of HCC, 3 of 3 HCC-CC, 13 of 14 CC, and 15 of 27 MA. These results agree with other studies that have demonstrated CK7 positivity in some HCC (6, 8) . Although CK7 was more often identified in adenocarcinoma, positive staining is encountered in HCC. CK20 was negative in all cases of HCC and HCC-CC and positive in 2 of 14 CC. The lack of CK20 immunoreactivity in HCC concurs with the findings in other studies (6, 8) . CK20 may help exclude HCC when it is positive, but negativity can be seen in HCC, CC, and MA.
CEA is an oncofetal protein that is widely used in surgical pathology. CEA is expressed in gastrointestinal, pancreatic, and biliary tract adenocarcinoma (27) . A bile canalicular pattern of staining is considered typical and specific for liver, and this pattern results from cross-reactivity of pCEA with biliary glycoprotein 1, normally present in bile canaliculi and bile ducts (1) . The bile canalicular pattern of staining with pCEA in HCC has been reported in 60 to 90% of cases in the literature, and this pattern is seen more frequently in well-and moderately differentiated HCC than in poorly differentiated HCC (1) . HCC, liver adenoma, focal nodular hyperplasia, and normal liver also exhibit a canalicular staining pattern with this antibody (17) . The absence of bile canalicular staining does not entirely exclude HCC, as negative cases have been reported. Adenocarcinomas, in contrast to HCC, show a diffuse cytoplasmic pCEA staining pattern without canalicular accentuation (1).
In our study, pCEA stained 12 of 13 cases of HCC in a canalicular pattern and 39 of 41 cases of adenocarcinoma in a diffuse cytoplasmic pattern. However, difficulty was encountered, at times, in interpretation of the stain. Occasional cases of HCC that showed an overall bile canalicular pattern had foci of cytoplasmic or luminal (pseudoglandular areas) staining, and some cases of adenocarcinoma had areas that resembled a bile canalicular pattern. This was especially true in cases with strong staining. This variable staining pattern could lead to misinterpretation, especially when considering small specimens such as needle biopsies. This difficulty in interpretation of pCEA staining has been previously described. One study reported focal cytoplasmic pCEA in 41% of HCC and 71% of MA. A canalicular pattern was seen in 71% of HCC. Some HCC with an intense bile canalicular pattern also showed cytoplasmic staining, which was thought to represent a secondary phenomenon (1) .
Ber-EP4 is an antibody directed against a cell surface glycoprotein present in non-neoplastic epithelial cells but is usually negative in hepatocytes, parietal cells, and the superficial layer of squamous epithelia. It has been used in panels to differentiate adenocarcinomas from mesotheliomas (19) . In our study, all but one adenocarcinoma and all CC were immunoreactive with Ber-EP4. One of the 13 HCC was immunoreactive with Ber-EP4. Our results differ somewhat from a previous study that evaluated the utility of Ber-EP4 in distinguishing HCC from adenocarcinoma, which demonstrated anti-Ber-EP4 staining in 83% of MA and 36% of HCC (1) . Additional investigation may help clarify the utility of Ber-EP4 in these cases.
MOC31 compared favorably with other routine markers used to differentiate HCC from adenocarcinoma. It is not useful for differentiating CC from MA or defining site of origin of metastases. It seems to possess a similar sensitivity and specificity as pCEA, but we believe that the staining is much easier to interpret. The staining was similar to that seen with Ber-EP4, but one HCC was immunoreactive with Ber-EP4. AFP suggests hepatocellular differentiation of tumors when positive but is negative in many cases of HCC. CK7 and Factor XIII-A were not helpful in distinguishing between HCC and adenocarcinomas, whereas CK20 was useful when positive. We confirm that CK7 and CK20 may have a role in suggesting the primary site of origin of metastatic tumors.
As with all neoplasms, immunohistochemistry is most useful when used in a panel. The results of this study suggest that the best panel to differentiate between HCC and adenocarcinoma, when necessary, should include MOC31. pCEA, AFP, and Ber-EP4 are also helpful. CK7 and CK20 may be useful when trying to determine primary site of a metastasis.
